A colony (ca. 2,000 birds) of the Great Cormorant (Phalacrocorax carbo) is present in Shinobazunoike Pond, Tokyo, Japan. The cormorants feed in rivers and in Tokyo Bay. The major direction of their daily flight in winter is to the rivers, and in summer to the Bay (Fukuda 1985). The relative importance of the two feeding sites in terms of dietary contribution is unknown. Dietary studies conventionally depend on stomach contents, cast pellets, and field observations. Although useful to reveal birds' choice of prey species, such details cannot determine the relative dependence of cormorants on the two feeding areas. Stable carbon isotope analysis of bird tissues is a convenient way to measure such dependence, as it tells if the organic carbon in the tissues is terrestrial or marine in origin. Compared with conventional dietary studies, isotope analysis is less susceptible to day-by-day variation of prey species and is in principle free of numerical bias for easily identifiable foods.
1985a). For instance, organic carbon produced by C3 plants that constitute the major terrestrial producer differs by ca. 200/• in this ratio from atmospheric CO2. In marine ecosystems, primary carbon fractionation occurs during planktonic photosynthesis and the resuitant organic carbon is ca. 70/• higher than the terrestrial organic carbon. This difference is passed through the food chain, and tissues of consumers of both terrestrial and marine organic carbons will have a carbon isotope ratio intermediate between the two sources. Thus, the measurement of the ratio for tissues may elucidate questions of the origin of carbon compounds in nature.
There have been a number of successful applications of isotope analysis to determine relative proportion of terrestrial and marine organic matters in various samples (e.g. (Fig. 1) . If the roach and the immature gray mullet represent the terrestrial organic carbon source and the other fish are oceanic, the cormorants in the pond get on average ca. six tenths of their organic carbon from Tokyo Bay and the rest from rivers.
The distribution of 8•C in the feathers of individual birds was broad (Fig. 1) . The range for feathers (9.1%o) was wider than that for foods (8.3%0). Because carbon in feathers is likely to represent the diet of individuals only during feather formation, the distribution suggests that seasonal or individual variation in diet is maximal.
The broad distribution of •C does not appear to result from seasonal differences of the flight direction. Of the 46 feathers (Fig. 1), 18 were collected when the cormorants were flying mostly to the Bay I suggest the difference might result from the particular feeding behavior of the cormorants. There were four feathers with •3C below the average of the two rivefine fishes, and eight with •3C greater than that of the five oceanic fishes. If we assume these feathers are from cormorants that preyed at the time of feather formation upon rivefine fish and marine fish, respectively, a few hundred cormorants out of the total of 2,000 would have depended mostly on rivefine resources, whereas approximately one fifth of the total depended on marine resources. The rest, approximately three quarters of the total, depended on both in various proportions. Many cormorants were observed to move daily between rivers and Tokyo Bay in their search for prey. I believe that the majority of the cormorants must alternate their daily feeding sites. (Fig. 2) . When Fig. 2 is compared with Fig. 1 , the narrow distribution is apparent. Presumably the gulls feed heavily on a single foodstuff or each individual selects its food resources in a similar way. An alternative explanation is that gulls molt more synchronously than the cormorants. Further study is necessary to understand the cause of the narrow distribution, but the diet of the cormorants appears far more variable than that of the gulls. The cormorants are apparently more individualistic in feeding behavior than the gulls.
The application of carbon stable isotopes to ornithology and ecology is not without some complications (Fry 1988). With caution, however, the technique could be of value for ornithology. My results yield valid information concerning both diet content and feeding behavior. Combination with other elements such as nitrogen would further enhance the value of the stable isotope technique.
The Ueno Zoological Gardens kindly allowed us to
